This paper focuses on the electrodeposition of nickel from a Ni Watts solution in the presence and absence of a permanent parallel magnetic field (PPMF) to the cathode surface. It was found that the difference between the mass deposition were enhanced in the presence of PPMF and absence of a PPMF (B = 4.4 T) with increase of current density ( ∆ m= 0.413 to 4.173 mg cm 2 − in 6 min). The thickness of deposited layers with PPMF was smaller than without PPMF, therefore higher density of electrodeposited layers can be brought upon by the application of PPMF. The corrosion behavior of samples was tested in the presence and absence of a PPMF (9T). The Polarization resistance was reduced in the presence of the PPMF. The deposited layers were characterized by Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD) and Atomic force Microscopy (AFM).
Introduction
Electrodeposition under the application of a magnetic field has been investigated during last two decades giving high performance of the electrodeposited layers. In an electrode process, three types of mass transport can occur, which are the driving forces for the transport of species from the bulk solution to the electrode surface which are: Diffusion, Migration and Convection (Natural and Forced) [1] . When aligned with a permanent parallel magnetic field to the electrode surface, mass transport effects become more pronounced where changes on the quantity (mass deposition rate) and quality (morphology) of the electrode surface can be observed [2] .
The PPMF affect the dynamics of electrochemical system through two main forces; Lorentz force ( L F ) and Electrokinetic force ( E F ) [3] . The Lorentz force ( L F ) and Electrokinetic force ( E F ) are forces which arise from the interaction of a PPMF with electric current [4] . The magneto hydrodynamic (MHD) effect is maximal when the magnetic field is in a parallel direction to electrode surface. This effect produces the Lorentz force ( L F ), if the magnetic field lines cross the electric field. Oleg et al [10, 11] has formulated the relation between the limiting current J l and diffusion layer thickness δ D in the magneto-electrodeposition process that could be written as;
(1) Where F is the Faraday constant. It can be shown that the diffusion layer thickness δ D was decreased with magnetic flux and thus increase the limiting current J l was enhanced. The grain size and roughness of deposited layers obtained with the PPMF were reduced [12] . It was also reported that the PPMF affects the structure and texture of the deposited layers [13, 14] . As far as our previous surveys [12, 15] are concerned, the application of a MF perpendicular to the current density generated the uniformity on substrate. Barbier et. al. [16] has examined the influence of magnetic field on the corrosion rate. Defiantly, the corrosion rate could be enhanced by PPMF of 9 T. The double layer of electrodeposited surface were reduced with PPMF, hence the mass transit takes place faster than without PPMF in electrochemical corrosion process. The present paper demonstrated the influence of PPMF on the mass deposition rate and morphology of nickel on copper plates during the galvanostatic deposition. The influence of PPMF of 9 T on the corrosion resistance of Ni electrodeposited layers was determined by means of Electrochemical Impedance Spectroscopy (EIS).
Experimental
The (10, 25, 50, 75 , 100 mA cm 2 − ) with two electrode system and the temperature was set between 50-55 o C. The cell was made from Teflon (10 cm x 6 cm x 3 cm) which used for electrodeposition of Ni in the presence and absence of PPMF. The distance between the cathode and nickel anode was 4.5 cm. The magnetic field was placed perpendicular to current flow direction. The nitrogen bubbles were used for the stirring and the agitation of electrolyte. Before electroplating copper plates were activated and chemical polished by immersion into mixed acids (HCl + H 2 SO 4 + CrO 3 + HNO 3 ) for a few seconds and then rinse with distilled water. The topography of the deposited layers was investigated via Atomic Force Microscopic (AFM PS 3000-NS3a). The nickel electrodeposited layers were analyzed by X-Ray Diffraction (D 8 -Advanced XRD) set using a Cu K α radiation with wavelength 1.540 A. The mass was determined from the weight difference of bare and coated Cu plates. The Scanning Electron Microscopy (SEM-FEI Quanta 200F) was used to survey of surface morphology of electrofabricated samples. Voltammetry and Electrochemical Impedance Spectroscopy (EIS) were done using the Autolab PGSTAT-302N Potentiostat / Galvanostat, equipped with GPES and FRA.
Results and discussion Mass deposition and cyclic voltammetery:
The mass deposition was increased with increasing the current density. Ispas et. al. [17] reported that the number of grains deposited in PPMF was much higher comparison to the absence of magnetic flux. This phenomenon can be explained by the increased of mass transport of Ni ions with the presence of a magnetic field perpendicular to the cathode surface. Fig. 1 shows the result of increased mass deposition with the application of a PPMF in various current densities. The average ratio of the mass deposition of Ni with PPMF (4.4 T) to without PPMF was 1.26 for 6 min electrodepositing with various currents. The mass of deposited layers were determined by difference of bare and coated of Cu plates. Fig. 2 shows the voltammetery when at the presence and the absence of PPMF to highlight the influence of applied magnetic field to electrodeposition of Ni films from Ni Watts solution. The Ni plate and calomel electrode were chosen as counter and reference electrode, respectively. The potential range was selected from 0 to 1.8V. Clearly, it was observed that the current density for Nickel electrodeposition with PPMF is greater than without PPMF. 
X-Ray diffraction (XRD) studies
The electrodeposited nickel layers were investigated by X-Ray diffraction (XRD). Six electrodeposited nickel samples were chosen for the XRD analysis, which are shown in Fig. 3 . Three XRD peaks (C, E, G) were from Ni samples electrodeposited with the presence of a PPMF (4.4 T) while the other three peaks (B, D, F) were from Ni electrodeposits with the absence of a PPMF. The intensity of peaks (220) was reduced with the increase of current density, while the intensity of peaks (111 and 200) were enlarged with the increase of current density in electrodeposition process. The influence of the PPMF on the grain size and strain of Ni electrodeposited layers can be calculated from XRD data by using the Debye-Scherrer [12] . 
AFM
The influence of additives to the surface morphology of electrodeposited layer has been discussed previously [18] . The adsorption of additives on the cathode surface may hinder the surface diffusion of atoms and introduce a smoother surface. The numeral simulation predicts a slower surface diffusion rate to give a smoother parameter of α (roughness) [19] . Fig.4 shows the AMF image that shows the morphology of the nickel surface from two current densities with the absence and the presence of a PPMF (4.4 T). The uniformity was enhanced with the increase of the current density where Thiourea was existed as an additive in the electrodeposition solution. On other hand, the PPMF was another factor to the enlargement of smoothness. As aforementioned, the magnetic flux, B, reduces the Nernst layer (δ D ).Matsushima et. al. [20] have investigated the influence of MF on the atoms arraying in the electrodeposition process, and it is worth to emphasize here that the PPMF was able arraying of the adsorption atoms to give smoother deposits. At the applied current density 10 mA cm -2 , the roughness factor was reduced from 64.16 nm (without PPMF) to 55.9 nm (with PPMF). Furthermore, at the applied current density 50 mA cm -2 the roughness factor was diminished from 8.26 nm (without PPMF) to 2.18 nm (with PPMF) in the presence of Thiourea. 
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SEM analysis and characterization of Ni
Deposited Ni layers were also investigated using SEM. Fig. 4 , shows the SEM images of nickel surfaces which was electrodeposited at 10 and 50 mA cm -2 for 6 minutes using Ni Watts solution in pH= 4 ± 0.1. In Fig. 5, (A, B, C) and (D, E, F) are SEM images of Ni electrodeposits in the absence and the presence of a PPMF, respectively. The SEM of 5A and 5D are surface images obtained from the Ni electrodeposition at 10 mA cm -2 , while 5B and 5E are surface images obtained from the Ni electrodeposition at 50 mA cm -2 . Figures 5C and 5F are the SEM images from the cross sections of electrodeposited Nickel in the absence and presence of the PPMF respectively. It was found that the layer thickness of the electrodeposited Nickel with the presence of the PPMF is smaller than the
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electrodeposited Nickel with the absence of the PPMF from the same current density. It was mentioned earlier that the mass of electrodeposition was increased with the presence of the PPMF. Consequently, the Nickel electrodeposition surface with the presence of the PPMF was denser compared to nickel electrodeposited with the absence of the PPMF.
Electrochemical Impedance Spectroscopy (EIS) Studies
The Autolab (PGSTAT-302N) was used for potentiodynamic and EIS studies. The electrochemical corrosion was carried out using conventional three-electrode cell. The platinum wire and calomel were used as counter and reference electrodes, respectively. The seawater of 3.5% [21] salinity was used as the corroding solution in the corrosion process. The sample was immersed in the corrosive solution for 1200 sec to attain Open Circuit potential (E OCP ). The frequency range was set from 10 mHz to 10 KHz and amplitude of 5 mV was applied on E OCP . Sueptitz. et .al [ 22] and Srivastava [23] have reported the magnetic effect on the corrosion process. The Fig.6 shows the electrodeposited Nickel samples with and without PPMF at 10 mA cm 2 − were evaluated via EIS. After fitting the polarization resistance (R p ) were listed on Table 1 and the Randles equivalent circuits were shown as: R(C(R [RC])) (RQ) using the FRA software. The R p value for nickel electrodeposited with the presence of the PPMF was greater than the R p value for nickel electrodeposited with the absence of the PPMF. The EIS technique has attributed that the R p value of nickel fabricated plates decreased with the presence of the PPMF. 
Conclusion
Electrodeposition of Ni was studied in the absence and presence of PPMF at various current densities. The difference of mass depositing on the presence and absence of PPMF was enhanced with increasing of current density. It was mentioned on the mass deposition section that the mass deposition was increasing with applied a PPMF. In spite of high mass deposition by PPMF, the thickness was smaller than the layer fabricated without PPMF (L PPMF = 5312.50 nm, L noMFF = 7020.83 nm for 6 min electrodeposition). It was rationalized that the layers fabricated with PPMF were denser compare to without. The dendrites on Surface layers were shrunk with using a PPMF. The interest point on EIS is that the R p value of nickel fabricated plates with PPMF is greater than without magnetic applied. Furthermore, the electrodeposited layers corroding were enhanced with PPMF.
